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Abstract. Four monovarietal red wines from three wine regions in Romania were analysed 
(Cabernet Sauvignon, Fetească neagră and Pinot noir from two areas in Satu Mare and Fetească 
neagră and Merlot from Constanța) in a liquid-liquid extraction with dichloromethane by gas 
chromatography-mass spectrometry (GC–MS). The odor activity value (OAV) was calculated in the 
29 aroma compounds identified: 10 alcohols, 11 esters, 5 fatty acids, 1 lactone and 2 other compounds. 
Wines were differentiated by specific compounds and 22 of the volatile compounds had an OAV>1 
(7 alcohols, 9 esters, 5 fatty acids and 1 lactone), significantly contributing to wine aromas. All 
chemicals changed in the volatile composition: most alcohols and acids increased during ageing, 
while all esters increased with ageing time. According to their OAVs, aroma strongly influenced the 
characteristics of the four monovarietal wines. 
 




When buying wines, costumers usually consider the flavor as one of the most 
important attributes. Researchers all over the world recently identified and quantified many 
aroma compounds in monovariety and regional wines. Aroma is one of the most important 
factors determining the character and quality of wine (Vilanova et al., 2007, 2013). Aroma 
compounds can be released directly from the grape berries, while others are formed through 
fermentation and aging (Rapp, 1998). Around 600 to 800 volatile compounds such as 
alcohols, esters, organic acids, aldehydes, ethers, ketones, and terpenes, etc., have been 
identified in wines, although only some compounds contribute in the organoleptic perception 
of wine (Polaskova, 2008). Higher alcohols, acids, and esters are found in large quantities 
and are important for the sensory properties and quality of wine (Wang et al., 2016).  
Qualitative and quantitative characterizations of volatile compounds in wine are 
performed by Gas Chromatography-Mass Spectrometry (GC-MS), as one of the most 
sensitive techniques for the analysis of volatile compounds in wine (Polaskova, 2008; 
Bleiziffer et al., 2017). Also, the flavor characters of aroma compounds separated by GC 
column are analyzed using Gas Chromatography-Olfactometry (GC-O) (Lee and Noble, 
2003). 
However, not all the aroma compounds detected by GC can produce flavor. Those 
with concentrations lower than their olfactometry threshold cannot be perceived by the 
human olfactory system. Therefore, in some literature references, odor active value (OAV) 
is used to express the odor activity of aroma compounds in wine. OAV calculation measures 
the concentration and threshold of the odor in the same matrix. Only those odorants with an 
OAV > 1 can be perceived and contribute to the whole aroma of the wine. The aroma and 
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flavor expression of wines has been considered to be intimately related to the climate, soil, 
and further aspects of the physical environment (Tao and Li, 2009; Tao and Zang, 2010). 
Keller (2010) states that the influence of temperature on most grape aroma and flavor 
compounds are not presently very well understood. 
Currently, there are few data available of volatile compounds in the international 
and Romanian grape varieties grown in Romania (Avram et al., 2015; Palade and Popa, 
2015), especially the autochthonous Fetească neagră, which is widespread and economically 
important. Therefore, in our work, the aroma compound detection was carried out in order 
to understand the aroma characters of Cabernet Sauvignon, Fetească neagră, Pinot noir and 
Merlot, four monovarietal red wines from three different wine areas in Romania. 
 
MATERIALS AND METHODS 
 
Wine samples 
The wine samples taken into analysis originated from four monovarietal red wines: 
Cabernet Sauvignon, Fetească neagră and Pinot noir (from Dobra and Răteşti in Satu Mare 
in north-west of Romania) and Fetească neagră and Merlot (from Aliman in Constanța in 
south-east of Romania). All the samples were from the same vintage, 2016, and were kindly 
donated by wineries. 
The procedure consisted in fermenting the wine samples in stainless steel fermenters 
at 20–32°C, and the malolactic fermentation was performed ten days after the alcohol 
fermentation.All the wines taken into analysis were aged in the same type of oak barrel for 
6 months and 12 months, respectively, and were provided by the same tonnellerie. The oak 
barrels were medium toast, 2.5 hours at a toast temperature of 120-160°C. 
Chemicals and reagents 
The reference standards, 2-phenyl ethanol, ethyl decanoate, butyrolactone, isoamyl 
alcohol and 1-octanol (used as internal standard, IS) were supplied from Fluka. 
Dichloromethane, used for extraction of volatiles, was used from VWR. The standard stock 
solutions were prepared by dissolving 10 mg of each reference compound in 10 ml of 
dichloromethane. 
Liquid-liquid extraction  
The protocol used by Andujar-Ortiz et al., 2009 was adapted and used for isolation 
of the volatile compounds from the wine samples. To 50 ml of wine spiked with 1-octanol 
(614 µg/L concentration) internal standard was added 20 mL of dichloromethane and placed 
in Erlenmeyer flask equipped with ground stopper. The extraction was carried out under 
continuous stirring in an ice bath for 30 minute. Then the mixture was kept for 15 minutes 
in an ultrasonic bath at the same temperature, to avoid possible formation of emulsion. After 
separation, the organic layer was dried on Na2SO4, evaporated under nitrogen stream to 
approximately 200 µL volume of the extract. From this solution 1 µL was injected to the 
GC/MS system. All extractions were carried out in triplicate. 
GC/MS analysis 
Analysis of wine volatile compounds was carried out using a Shimadzu QP 2010 
PLUS Mass Spectrometer coupled with Gas Chromatograph (Shimadzu) equipped with a 
Carbowax type column from Agilent, with a dimension 30 m x 0.32 mm ID and 0.50 µm 
film thicknesses. The carrier gas was He (6.0) with a flow rate 1.7 mL/min. The working 
parameters were: injector temperature 250 °C, the ion source temperature 220 °C, and the 
interface temperature 250 °C. The column temperature program was conducted as follows: 
40 °C was the initial temperature for 5 min, increasing at a rate of 4 °C/min to 220 °C, and 
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holding 220 °C for 15. The electron impact (EI) was set at 70 eV. A mass range of 35–500 
m/z was recorded at one scan per second. 
Odor activity value 
The contribution of each volatile compound to wine aroma was evaluated qualitatively 
by its associated descriptor and quantitatively by its odor activity value (OAV). The OAV 
was calculated for each quantified compound as the ratio between the total concentration (c 
measured in μg/L) of an individual compound and the perception threshold (t measured in 
μg/L) in the same matrix (OAV=c/t). Threshold values were obtained from information 
available in the literature (Guth, 1997; Ferreira et al., 2000, 2009).  
 
RESULTS AND DISSCUSIONS 
 
The volatile compounds identified in four monovarietal wines from Romania are 
shown in Tables 1, 2 and 3. A total of 29 compounds were identified and quantified in all 
wine samples, grouped according to their chemical structure in 10 alcohols, 11 esters, 5 fatty 
acids, 1 lactone and 2 other compounds (ethyl vanillate and acetovanillone). Many of these 
volatile compounds are commonly found in wines and are derived from grapes and yeast 
strain during the fermentation and the vinification process (Cliff et al., 2002). Wine volatile 
compounds, such as alcohols, esters, and acids are transformed during wine ageing, leading 
to changes in wine aroma (Jackson, 2008). 
Alcohols. Ten alcohols were identified in the red wines analyzed for the two 
maturation periods: 6 months and 12 months, respectively. The composition of the alcohols 
was different both quantitatively and qualitatively in the analyzed samples. 7 of the alcohols 
exceed the minimum threshold for olfactory detection (OAV>1), thus influencing the 
aromatic profile of the wines analysed here, while 3 alcohols do not exceed this threshold, 
they have minimal influences on the aromatic profile or do not influence it. The odorizing 
active value (OAV) is calculated by dividing the volatile compound concentration with the 
detection threshold (odor threshold). If the result is greater than 1, then the compound 
participates in the aromatic profile (Table 1). 
An increase in OAV will be noticed with the transition of the maturation period from 
6 months to 12 months. In the case of isobutyl alcohol with the slight increase of the smell 
of alcohol in the aromatic profile. The isopentil alcohol decreases in the Feteasca neagră 
variety, both from Răteşti (Satu Mare) and from Aliman (Constanţa), diminishing the honey 
and Rosa canina notes. The other wines increase isopentile alcohol with maturation 
exceeding the perception threshold at Cabernet Sauvignon from Dobra and in Merlot from 
Aliman, emphasizing specific flavors, similiarily as reported by Zhao et. al (2017). 
1-Heptanol varies depending on the variety, so in Fetească neagră from both areas, 
the values increase emphasizing pleaseant sweet flavors, while in other wines it decreases 
below the threshold of perception (in Pinot noir from Răteşti). 
We also encounted variations in 2-Nonanol, with increases in Cabernet Sauvignon 
(Dobra, Satu Mare) and decreases in Pinot noir (Răteşti, Satu Mare) and Fetească neagră 
(Aliman, Constanţa), where it is no longer quantifiable. Benzyl alcohol and phenyl-2-ethanol 
have similar variations, increasing in Cabernet Sauvignon (Dobra), Fetească neagră 
(Aliman) and Merlot (Aliman), and decreasing in Fetească neagră (Răteşti) and Pinot noir 
(Răteşti). 
In conclusion, different maturation periods influence the concentrations of volatile 
compounds, in this case alcohols, depending on the variety. In Fetească neagră, isopentile 
alcohol decreases compared to other varieties (honey, rose or rose notes) and 1-Heptanol 
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increases (sweet, pleasant notes). Region also influences the concentrations of volatile 
compounds, partly benzyl alcohol (jasmine, hyacynth notes) and Phenyl-2-ethanol (rose, 
pollen notes) (Table 1). 
Esters. The esters are the second major volatile constituents in wine and are 
regarded as important contributors to wine aroma, since they are the primary source of fruity 
aromas (Sumby et al., 2010). Volatile esters can be classified into 3 groups depending on 
their precursors: acetyl esters, ethyl esters and other esters, of which ethyl esters were 
determined in the largest amounts in all samples. These compounds are formed by the 
esterification of alcohols and acids, followed by the removal of a molecule of water 
(Perestrelo et al., 2006). Due to the fact that wine contains a very different number of 
alcohols and acids, a series of very different esters can form. 
11 esters were quantified, of which 2, amyl acetate and ethyl acetate did not exceed 
the perception threshold and were not included in Table 2. From the ethyl ester group, ethyl 
caproate and ethyl lactate are showing an increase for all the wines in our study as the 
maturation period increases, leading the aromatic profile towards a fruity and buttery note. 
Ethyl-3-hydroxybutanoate, which gives a grape and apple note, registered significant 
increases in Cabernet Sauvignon from Dobra (SM) and decreased below the detection 
threshold in Fetească neagră from Răteşti (SM) as well as for the other wines (Table 2). 
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Table 1 













































Isopentyl alcohol 2000 [1] 0,641 2,192 1,173 0,39 1,498 1,784 0,781 0,115 0,546 1,071 Rose, honey 2, 3 
Iso butanol 500 [2] 2,98 7,814 3,158 3,214 1,896 4,048 0,23 0,236 0,21 0,918 Alcohol 1 
Butanol 150 [3] - 0,16 0,066 0,108 0,048 0,086 0,024 0,035 0,019 0,06 Fruits in alcohol 7 
1-Hexanol 1100 [3] 0,482 0,519 0,211 0,227 0,358 0,392 0,223 0,421 0,126 0,167 Grassy 4 
1-Heptanol 20 [3,5] 2,2 1,914 1,192 1,302 1,012 0,938 1,195 2,407 0,627 0,79 Sweet, pleasant 4, 5 
2-Nonanol 30 [8] 1,5 2,071 0,36 0,994 1,001 0,887 1,029 - 0,572 0,963 Citric 4, 6 
2,3-Butandiol 4500 [2] 0,866 1,532 0,341 1,102 0,363 0,297 1,072 - 0,671 0,665 Chemical 1 
3-(Methylthio)-1-propanol 4000 [7] 0,027 0,028 0,006 0,008 - 0,016 0,016 0,055 0,003 0,013 Cooked vegetables 8, 9 
Benzyl alcohol 100 [4] 0,85 2,376 1,16 0,629 2,435 0,775 0,532 1,78 1,019 2,35 Jasmine, hyacinth 2 
2-Phenyl ethanol 1000 [8] 2,151 6,282 1,279 1,266 2,936 2,398 2,021 3,662 1,887 2,431 Rose, pollen 2, 3 
 
OAV 6 - odor active value in wines after 6 months maturation; OAV 12 – odor active value in wines after 12 months maturation; 
CS - Cabernet Sauvignon, FN - Feteasca neagra, PN - Pinot Noir, M - Merlot; 
*OAV is calculated by dividing volatile compound concentration to threshold odor. If the result is greater than 1, then the compound participates in the 
aromatic profile; 
**Odor serie: 1 solvent, 2 floral, 3 sweet, 4 green, 5 buttery, 6 fruits, 7 balsamic, 8 grass, 9 burned, 10 woody. 
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An interesting variability in the analyzed samples was observed in the case of ethyl 
decanoate (fruits, grapes aroma) a specific ester of alcoholic beverages. Most of this 
compound was determined in the bariculated samples for 6 months, but decreased after this 
period due to spontaneous hydrolysis (Liu et al., 2016). Ethyl succinate registered significant 
increases in wine with the barricade period, giving a wine and fruity note, except in Merlot 
from Aliman (CT). Ethyl succinate and diethyl succinate also registered the highest values 
of OAVs (10,159 and 14,588, respectivly). 
N-phenyl acetamide only increases in Cabernet Sauvignon from Dobra (MS), while 
in the other wines it was under the threshold of perception or nonexistent. The aromatic 
description is chemical, which reveals certain technological flow defects of preservation / 
maturation. 
The candied fruits flavor produced by diethyl malate has an odorous growth in 
Cabernet Sauvignon from Dobra (SM), Fetescă neagră and Merlot from Aliman (CT). 
Diethyl succinate increases, except for Fetescă neagră from Aliman (CT). The odorant with 
high values of aroma dillution in the wines was 4-hydroxymethyl butanoate with a 
strawberries, bananas flavor, except for Merlot from Aliman (CT) (Table 2). 
 
Fatty acids. Five fatty acids were identified in all wine samples with differentiated 
behavior during maturation. This group of volatile compounds is produced by yeast and 
bacteria during fatty acid metabolism (Swiegers and Pretorius, 2005). For all samples 
analyzed, a slight increase in medium and long chain fatty acids was recorded, such as in 
hexanoic and octanoic acids. The only exception was Fetească neagră (CT), whose 
concentration in hexanoic and octanoic acids changed slightly when comparing wines 
baricaded for 6 or 12 months. The content of short-chain fatty acids, such as butanoic acid, 
has increased during wine maturation (Table 3). Butiric and hexanoic acids (rancid flavor) 
have registered substantial increases in Fetească neagră and Pinot noir and insignificant in 
Cabernet Sauvignon and Merlot. 
 
Lactones are a subgroup of esters formed by internal esterification between the 
carbonyl group and the hydroxyl group, resulting in a cyclic compound (Perez-Olivero et 
al., 2014). The only lactone dtermined from the wine samples was butyrolactone, its content 
depending on grape variety and maceration (Bueno et al., 2003). This compound is derived 
from amino or organic acids during fermentation and it is also derived from oak as an 
additional source of lactone (Ivanova et al., 2013). Butyrolactone was also the most 
prominent volatile compound determined (caramel, sweet, coconut flavor), registering high 
values above the detection threshold. The OAV 12 ranged between 2.204 (Cabernet 
Sauvignon from Dobra, SM) and 17.895 (Fetească neagră from Aliman, CT), contributing 
significantly in the wine aroma. 
Other compounds, like ethyl vanillate and acetovanillone, did not have OAVs 
greater than 1 and were not detected in some of the wine samples (Table 3). 
The evolution of Fetească neagră is interesting to follow in both wine areas it 
originated from, registering increases in most volatile free compounds - fatty acids and 
lactones (Tables 1, 2, 3). 
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Table 2 
 Odor Active Value in esters in red wine aged 6 and 12 months from Satu Mare and Constanta regions 
 
OAV 6 - odor active value in wines after 6 months maturation; OAV 12 – odor active value in wines after 12 months maturation; 
CS - Cabernet Sauvignon, FN - Feteasca neagră, PN - Pinot Noir, M - Merlot; 
*OAV is calculated by dividing volatile compound concentration to threshold odor. If the result is greater than 1, then the compound participates in the 
aromatic profile; 












































Ethyl caproate 100 [3] 1,641 3,408 0,87 1,243 0,947 2,311 0,864 4,345 0,92 2,023 Fruits 6 
Ethyl lactate 15000 [2 ,6] 0,401 0,428 1,272 1,293 1,269 1,627 - - 1,408 1,611 Fruits, buttery 5, 6 
Ethyl-3-hydroxy butanoate 130 [1] 2,084 5,672 1,338 0,244 0,538 0,48 0,372 0,969 0,22 0,335 Grapes, apples 6, 10 
Ethyldecanoate 50 [6] 2,72 0,215 - 0,192 0,191 0,016 0,86 0,487 1,38 4 Grapes, brandy 1, 6 
Ethyl succinate 1250 [7] 0,958 10,159 1,974 4,374 1,095 2,895 5,696 6,513 9,252 4,1 Wine, fruits 3, 6 
N-phenyl acetamide 70 [3] 1,214 1,857 0,449 0,137 0,414 0,196 0,15 - - - Chemical 1, 9 
Diethyl malate 760 [4] 0,556 1,416 0,382 0,584 0,397 0,96 1,585 4,242 0,473 2,515 Candied fruits 6, 9 
Diethyl succinate 1200 [2, 3] 0,58 11,91 0,764 7,048 0,831 2,394 9,435 2,913 6,195 14,588 Fruits, melon 6 
Methyl-4 hydroxy-butanoate 400 [6] 4,5 12,46 3,287 3,475 6,53 1,235 1,292 2,255 0,282 0,52 Strawberries, bananas 6 
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Table 3 
Odor Active Value in fatty acids, lactones and other compounds in red wine aged 6 and 12 months from Satu Mare and Constanța regions 
 
 
OAV 6 – odor active value in wines after 6 months maturation; OAV 12 - odor active value in wines after 12 months maturation; 
CS - Cabernet Sauvignon, FN - Feteasca neagră, PN - Pinot Noir, M - Merlot; 
*OAV is calculated by dividing volatile compound concentration to threshold odor. If the result is greater than 1, then the compound participates in the 
aromatic profile; 












































Butyric acid 200 [2,3] 0,370 0,368 0,825 1,675 1,005 1,665 1,235 2,455 - 0,21 Pungent, ranced 7, 8 
Hexanoic acid 800 [2] 0,412 0,422 1,081 1,078 1,355 1,875 0,295 0,92 0,13 0,355 Cheese, fat 5, 8 
Octanoic acid 880 [2,3] 0,189 0,273 0,248 0,154 0,208 0,267 0,198 1,027 0,072 0,435 Fat, ranced 5, 7, 8 




1900 [4] 0,013 0,035 0,221 0,391 0,16 0,641 0,092 1,625 0,131 0,887 Caramel 3, 5, 9 
Butyrolactone 2000 [8] 2,581 2,204 6,46 7,466 6,321 6,9 7,387 17,895 5,178 2,312 Caramel, sweet, coconut 3, 6, 9 
Ethyl vanillate 990 [6,8] - 0,082 0,013 0,047 0,023 - 0,028 0,097 - 0,072 Phenolic, burned, honey 1, 9, 3 
Acetovanillone 70 [7] - 0,45 0,278 0,428 0,394 0,31 0,357 0,957 - 0,623 Vanilla 3, 10 
 CONCLUSIONS 
 
The aroma profiles of four monovarietal red wines from three wine regions in 
Romania were investigated and compared. A total of 29 volatile compounds were 
determined by GC/MS. Alcohols and esters were the main contributors to the overall volatile 
composition of the wines, accompanied by fatty acids, lactones and other compounds. 
Twenty-two volatile compounds had OAVs greater than 1, and were considered to be the 
most powerful odorants in red wines, while five ranged from 0.003 to 1 and two were 
undetected, without influencing the aroma characteristics. 
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